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Serum Cholesterol, Systolic Blood Pressure and Framingham Relative Weight 
as Discriminators of Cardiovascular Disease 

In the first paper from the Framingham Study dealing with factors 
related to the incidence of cardiovascular disease, a multivariate anal- 
ysis of Framingham relative weight, systolic blood pressure and serum 
cholesterol was undertaken. (See iat obe) stent 6). This dealt with the first 
four years of CHD incidence, in men 45-62 at entry. Since then, additional 
analyses of the same factors as well as of other factors have been published. 
In this section we take a systematic look at the relation of these three fac- 
tors to all the various cardiovascular outcomes under study and (insofar as 
sufficient data are available) consider all age-sex groups. 

The analytical procedure used is discriminant analysis, of the usual 
type. There are some peculiarities, however. 

All incidence occurring between entry and Exam 2 is omitted. This is 
not as profligate as it seems. Many persons did not have a serum choles- 
terol determination at Exam 1; moreover, the measurement of serum choles- 
terol was not under good control at any time during the first examination. 
A strict prospective approach to the data which included serum cholesterol 
as a variable would therefore result in missing most incidence between 
Exams 1 and 2. 

Another argument might be made for beginning a study of incidence at 
Exam 2. Some few of the cases defined as "incidence" between Exams 1 and 
2 probably were pre-existing disease but too poorly diagnosed at entry to 


be so designated. There is probably some minor advantage in this additional 
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screening for pre-existing disease. 

In any event, what is done in the analysis is this: The popula- 
tion is broken up into 4-year age groups at entry. The youngest age 
group at entry was 28-31 years of age. This group, to follow it for 
illustrative purposes, aged approximately two years between examinations. 
By Exam 6 it was 38-41 years old. The next age group, 32-35 years old at 
entry, were 38-41 years of age at Exam 4. The next group, 36-39 years of 
age at entry, were 38-41 years old at Exam 2. These three cohorts of per- 
sons 38-41 years of age are completely distinct groups as defined. Al 
measurements made at the "initial" examination for these cohorts (in this 
context, Exam 2, 4 or 6) are measurements of 38-41 year-old individuals. 

To retain the same follow-up for all the cohorts each of these 
groups are followed only 4 years. This means that none of the persons at 
the time disease developed were older than 45. Since age at the time of 
event is, generally speaking, the strongest of all factors related to 
incidence, this narrowing of the age span over which persons are exposed 
to risk considerably reduces the risk of analytical artifacts associated 
with age. 

For purposes of discriminant analysis persons free of disease at 
Exam 2, 4 or 6 are designated cases if they develop the disease in the 
subsequent 4 years. Where there are diagnostic subgroups, as in CHD, the 
roster of cases for any subdiagnosis is partly determined by the length 
of follow-up. For example, if a person is free of CHD at Exam 2, deve- 


lops AP by Exam 3 and MI between Exams 4 and 5 he will be counted as an 
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AP after Exam 2 but (because he has CHD at Exam 4) will not be at risk 


of MI after Exam 4. 

It should be noted that while a person may appear in a specified 
age group only once, he may appear in three different age groups provided 
he came in for examination at Exams 2, 4 or 6 and was free of the disease 
on all 3 examinations. Thus, adjacent age groups are not statistically 
independent, although the extent of interdependence is quite minimal. 

While the level of cholesterol, blood pressure and relative weight 
does vary somewhat from one examination to another (Figures 23-1 to 23-4, 
Tables 3-4, 3-9, 3-11, 4-4, 4-9, 4-11), both subsequent cases and subse- 
quent non-cases are measured the same way and are therefore always dir- 
ectly comparable. However, the pooling of data from different cohorts 
must take into account these changes in level. This can be done in a 
number of ways. What was actually done was this: For the computation 
of mean differences all cases were pooled and all non-cases were pooled 
without any weighting, it being assumed that age-specific incidence fol- 
lowing each of the examinations was the same. Variances and covariances, 
however, were computed separately for each of the cohorts and the within- 
cohort values were combined. The computation assumes that variances and 
covariances are the same for cases and non-cases. As may be judged from 
the data this was not always strictly true. We have no reason to believe, 
however, that this has misled us at any point in the subsequent analyses. 

The analysis also assume& that the various factors have a multivar- 
date normal distribution, which is only approximately true. However, 
there is considerable evidence that Fisher's discriminant function is 


quite robust even against major deviations from multivariate normality. 
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Discrimination 

What is presented in the following account is a straightforward 
summary of the findings in terms of the discriminant function itself. 
Discrimination, however, can be statistically significant without being 
especially impressive. Consider, for example, the data for women 58-61 
years of age, where discrimination for CHD is especially good. We could 


prepare a table for this group that looked like this; 


Discriminant CHD in next 4 years 

values Yes No Total 
High 1 29 36 
Not -high 295 670 699 
Total 36 ©6699 (SD 


If discrimination were perfect, all 36 women with the highest discrimi- 
nant values would have CHD and none with lower discriminant values would 
hayeyp they disease. ini fact. (ofthe 36 with the high values (19.4 percent ) 
had CHD and 29 of the remaining 699 (or 4.1 percent) had CHD. From some 
points of view this is not very satisfactory. On the other hand it does 
suggest that we are 5 times as likely to find a case of CHD developing 
among women with high discriminant values as among other women in this age 
group. (The ratio of 4.7--7/36 + 29/699--has an approximate 95% confi- 
dence interval from 2.2 to 10.1). 


When we speak about "finding a case of CHD" we imply prediction. 


Eramingham Study 
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Actually, all we have presented is an estimate based on a single sample. 


How this estimate would fit a different set of data is another matter. 


Suppose, however, that we estimate the discriminant weights on the basis 


of the first (Exam 2) cohort and apply this estimate to the next two 


cohorts (Exams 4 and 6). 


For this purpose let us use as cutting points 


the upper and lower deciles of the discriminant function. For the first 


cohort the data would Look like this: 


Discriminant 
values 

Top decile 

Deciles 2-9 

Bottom decile 


Total 


First cohort 


CHD in next 4 years 


Yes No Total Incidence (%) 


4 20 24 MAS 
6 186 192 3-1 
il 23 ah 4.2 
nd 229 2h0 


The table would look like this if the first cohort's discriminant weights 


were used with data for the next two cohorts: 


Discriminant 
values 
Top decile 
Deciles 2.9 
Bottom decile 


Total 


Next two cohorts 


CHD in next 4 years 


Yes No Total Incidence (%) 


7 43 50 14.0 
18 378 396 Wo5 
@) ie) Ke) 0.0 


25 470 495 
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Repeating the same exercise for men 58-61 the tables would look as 


follows: 
First cohort (actual fit 

Discriminant CHD in next 4 years 

values Yes No Total Incidence (%) 
Top decile 6 Ala) line 35.3 
Deciles 2-9 ala) 125 136 (S}o dk 
Bottom decile 2 aS Ly 11.38 
Total 19 151 L170 

Next two cohorts 

Discriminant CHD in next 4 years 

values Yes No Total Tncidence (2) 
Top decile 3 5 3D hO 125° 
Deciles 2-9 2k 290 314 Teo 
Bottom decile A: 38 39 2.6 
Total 30 363 393 


These data illustrate the predictive meaning of the discriminant 
values. While the specific findings cannot be extrapolated freely to 
other data the general power of these discriminant values for prediction 
appears surprisingly good. 

With this brief introduction to the methodology we can now turn to 
the specific analytical results. It must be emphasized, however, that 
in the case of weak relationships some other analytical technique might 


conceivably lead to different conclusions. 
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1. Coronary Heart Disease 

In general, the group of variables Framingham relative weight, sys- 
tolic blood pressure and serum cholesterol allows for discrimination 
between persons who do and persons who do not develop CHD in the 4 years 
following measurement. While discrimination is not statistically signi- 
ficant in every age-sex group it seems reasonable to regard the excep- 
tions as due to sampling variability, save only those for men over 61 
years where the variables appear unable to predict CHD. 

In all older age groups in women, beginning with the age group 54-57 
years we could discriminate women who develop CHD practically as well on 
the basis of systolic blood pressure alone as with all three variables 
combined. 

The discriminant role of FRW in women is generally weak. In two age 
groups (46-49 and 58-61) it reaches statistical significance when consid- 
ered Be itself but when considered as a discriminant weight in the 3-var- 
iable function it is statistically significant only for the age group 
46-49 and nearly significant in the age group 50-53. 

For men the ability to discriminate subsequent CHD on the basis of 
these variables is slightly less than for women, and the roles of the 
three variables are somewhat different. Up to the age group 58-61 the 
dominant discriminator of the three is serum cholesterol. In the older 
age groups (62-65 and 66-69) neither serum cholesterol nor the other two 
variables, nor all three variables, have any discriminating power. 

FRW in men plays an uncertain role. By itself it is a statistically 
significant discriminator in the age range 46-61 but not at younger or 


older ages. In none of these age groups, however, was its discriminant 
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weight in the 3-variable function statistically significant. One could 
generally discriminate CHD in all age groups about as well with systolic 
blood pressure and serum cholesterol alone as with all three variables. 
This is not to say, of course, that the data are inconsistent with a 


weak association of FRW with CHD independent of the other two variables. 


(Table 23-A, Figure 23-5) 
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Discriminant analysis for Framingham relative weight, systolic blood pressure 
and serum cholesterol based on 4-year follow-up from Exams 2, 4 or 6 
Framingham Study: Coronary Heart Disease 


A. Chi-square values for distance 


MEN WOMEN 
Number Number 
of ANTIOL Univariate of AIL Univariate 
Age cases three W s Cc eases three W Ss Cc 
2{3m) 10 alana Bet 12.2% 2153 4.6 8.5* 1 sees me as Bee 
W2-W5 25 5-2 0.3 OoI Dien 9 21. gx* 0.5 12.3** 11.1% 
46-49 27 Gada § oe SvihoSyy wee CB en Be ns. EB ee OU Us ae 
50-53 he 2AIoeS 62 OF Gad* 13. 2x% LO Welt On Due ane 
54-57 =o Tey Alea aaa Sirs S) Gre 9.0% 25 11.5%* 1.5 9.7%* 2.6 
58-61 9 23.0 NS) WMoAe Ss 558} 36 28.1%* 45 27.7** 0.0 
62-65 23 2.0 0.0 2 On 22 6.5 0.0 ieee alot 
66-69 11 3.6 Opal 2h, 0.8 19 8.6% 0.6 TO  O.% 
B. Mean Differences between cases and non-cases 
MEN WOMEN 
Number Number 
of of 
Age cases W Ss Cc cases W =) Cc 
38-41 8613 5.6 hf 35).2 ate --- --- --- 
2) eS) 1.6 0.8 20.4 9 3.9 22.8 5 4 
HG-HQ «27 6.6 4d 23.9 8 IE 4/ 2.6 36.6 
50-53 2 5.3 9.6 2p 9) 10 lh 7 12e6 26ns 
5 ST ay 3.6 9.9 16.3 25 eS 16.3 14.9 
Fo-oF ho 4.0 14.9 a 36 6.7 23.6 0.5 
62-65 23 =O.1 5.9 Ten8) 22 =0.2 12.3 =(9)55 
66-69 11 =A, (8) 1A AL 10.4 19 3.4 18.6 Bs 
C. Number of cases by level of risk 
MEN WOMEN 
Total Level of risk Total Level of risk 
at Decile Quintile at Decile Quintile 
Age risk Cases High Low High Low risk Cases High Low High low 
38-41 896715 13 5 ) 6 0) 863 Ht --- --- --=- --- 
4o-45 = 876 25 4 it 9 3 1115 9 3 0 y) ) 
46-49 = B4Bs—“(tsT Gio 6 Oy On. MlioiG 8 5 it 5 a 
D0=53 (53 Me) 14 @) 19 2 922 10 3 @) 4 ) 
54-57 670 54 8 aL 21 3 B41 25 5 @) 8 i! 
58-61 563 Tie) 9 3 18 4 735 36 12 1 ai 3 
62-65 354 23 5 4 9 4 480 22 y a Ti 2 
66-69 160 ial 2 0 3 2 236 19 5 0 alat O 
TOTAL 53 9 94 18 37 3 By 7 


W = Framingham relative weight; S = systolic blood pressure; C = serum cholesterol 


* Significant at 5% level. 
** Significant at 1% level. For the univariate y*'s "significant" refers not to 
the values given but to the discriminant weights (See tables 23-1 et. seq.) 


for "all three" it refers to the significance (at 3 d.f.) of the x” given for 
generalized distance. 


NOTE: Data omitted for age groups with less than 4 cases. 
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Fig. 23-5 MEAN LEVELS OF SERUM CHOLESTEROL, SYSTOLIC BLOOD PRESSURE 
AND FRAMINGHAM RELATIVE WEIGHT BY AGE IN MEN DEVELOPING 
AND NOT DEVELOPING CHD IN 4-YEAR INTERVALS 


FRAMINGHAM STUDY: 14-YEAR FOLLOWUP 
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2-5. Separate Manifestations of CHD bon leak si 
i Oil eae 

Most CHD cases in men occur in the form of MI (frequently preceded 
by AP) or Be nconplicated, with MI being the more common outcome dur- 
ing the 4-year follow-up period. In women, AP uncomplicated is the most 
common manifestation, MI being a relatively infrequent occurrence. 

For men there is apparently little difference between MI and AP 
uncomplicated in the discriminating power of the triad FRW, systolic blood 
pressure and serum cholesterol--nor in the role each plays in 
discrimination. 

The most direct way of looking at this is to attempt to discriminate 
between MI and AP. In order to obtain distinct groups AP is designated 
here only if there was no other form of CHD in the same 4-year period. 
(Since MI is relatively uncommon in women it would be difficult to draw 
any conelusions for this group; they are therefore not considered. ) 

The analysis shows that AP and MI cannot be distinguished from each 
other by these three variables. There is a suggestion in men 58-65 of 
some slight discrimination arising from the fact that AP cases may weigh 
slightly more than MI (the difference is not statistically significant ), 
but essentially these two major manifestations of CHD are not distin- 
guishable in men on the basis of relative weight, systolic blood pressure 
and serum cholesterol. 

On the other hand, for CHD death in men (there were few such events 
in women) the power of these variables in discriminating appears to be 
greater than for cases not ending in CHD death. This may be seen if we 


combine the results for the age groups 54-57 and 58-61 and look at the 
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ratio of true positives to false positives. (For this purpose we define 
"positives" by the highest discriminant values and make a cut on the 
discriminant scale so as to have as many "positives" as there are diagnosed 
eases. A "true positive" is a diagnosed case with one of the highest dis- 
criminant values.) For MI and AP uncomplicated these ratios were, 
respectively, 2.1 and 3.1. For sudden and non-sudden CHD death they were 
1523 and 20.4, respectively. The improvement in discrimination seems to 
come primarily from the fact that systolic blood pressure has a greater 
association with subsequent CHD death. Still, even with very high dis- 
crimination only one CHD death in 6 occurs among those cases with the high- 
est discriminant values. Since the zone of highest discriminant values is 
made to correspond to the relatively Low level of incidence of these out- 
comes, it is naturally very narrow--the 17 highest values for sudden CHD 
death, the 12 highest for non-sudden CHD death. 

Again this can be examined most directly by attempting to discrimin- 
ate between fatal and non-fatal CHD. To do this all new cases of CHD 
occurring in a 4-year interval are separated into those cases eventuating 
in a CHD death in that interval and the remainder. We consider here only 
men in the age groups 54-57 and 58-61, for these are the only groups with 
a sufficient number of CHD deaths to be considered separately. If all 
three variables are taken into account, discrimination between fatal and 
non-fatal cases is statistically significant only for the age group 
58-61. It is reasonable to conclude, however, that discrimination is pos- 
sible for both age groups. The greatest contribution to discrimination 


is made by systolic blood pressure. Serum cholesterol makes no 
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contribution at either age nor does the "significant" contribution of FRW 
in the age group 58-61 carry much conviction in face of the data for other 


age groups. 


(Table 23-B through 23-G, Figures 23-6 through 23-11) 
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Table 23-D 23-20 


Discriminant analysis for Framingham relative weight, systolic blood pressure 
and serum cholesterol based on 4-year follow-up from Exams 2, 4 or 6 
Framingham Study: Myocardial Infarction 


A. Chi-square values for distance 


MEN WOMEN 
Number Number 
of ALL Univariate of All Univariate 
Age cases three W Ss Cc cases three W Ss Cc 
38-41 5 16.2% Opal 6.8% 9.8% 0 si ue ee Rees 
kos 16 3.0 O.4 0.0 Bis il 3 eee === Soc =o 
46-49 12 516 OR TRUE peels oc 3.6 2 aa Soc = ue 
50-53 19 4.8 ie O55 330 2 --- --- eos aos 
54-57 2k 6.6 O.1 eae SOx 4 eS Oval L/h 0.2 
8-61 26 6.2 0.9 Fs = OMT il TL 5} 0.6 LoS} 0.0 
62-65 ial ds), 0.2 0.6 1 5 4 14. O%* 0.7 | 13nessaOss 
66-69 T 6.7 Opal Ta eye 2 —— ae = Lui 
B. Mean Differences between cases and non-cases 
MEN WOMEN 
Number Number 
of of 
Age cases W Ss Cc cases W Ss C 
38-41 5 1.6 19.0 60.6 O --- --- --- 
oS 16 =2e3 0.4 16.3 3 Hoe = aoe 
46-9 12 ete 6.9 22.6 2 --- === SH 
50-53 19 4.6 3.4 Geel: 2 --- --- --- 
54-57 2h 0.9 F500) 19.4 4 2.9 Sele MON 
58-61 26 2a3 TL Se 6.6 " S58 alan 2.6 
62-65 isl Sil 5.9 14.6 iM Go2 mney Tak 
66-69 6 aba? 20.3 21.9 2 --- --- --- 
C. Number of cases by level of risk 
MEN WOMEN 
Total Level of risk Total Level of risk 
at Decile Quintile at Decile Quintile 
Age risk Cases High Low High Low risk Cases High Low High Low 
soedhil 2) Malls 5 Lee ee O 863 0 ~it sod 2 oe 
4o-45 876 16 4 0 8 1 MSY 153 ---  --- ---  --- 
h6-49 8he 12 2 O 6 ©) MONG oe --- --- --- --- 
D0=9908 Dd 19 5 O i(( Al, 9228) 52 One, Ooo ODD) ORS 
54-57 670 eh 4 ) 8 0 yin 1h a, ) aL © 
58-61 563 26 Bo at 6a 2 Te Mt TE UNveH RO) 27 NO 
62-65 354 ia Bin ye Lhe 48Bo 4 2 0) 2 o) 
66-69 160 MC 2 iL 3 1 2361 ne ---  --- ---  =--- 
TOTAL 28 3 46 T 4 0) 5 O 


W = Framingham relative weight; S = systolic blood pressure; C = serum cholesterol 


* Significant at 5% level. 

**% Significant at 1% level. For the univariate y®'s "significant" refers not to 
the values given but to the discriminant weights (See tables 23-1 et. seq. ) 
for "all three" it refers to the significance (at 3 d.f.) of the y? given for 
generalized distance. 


NOTE: Data omitted for age groups with less than ) cases. 
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Discriminant analysis for Framingham relative weight, systolic blood pressure 
and serum cholesterol based on 4-year follow-up from Exams 2, 4 or 6 
Framingham Study: AP uncomplicated 


A. Chi-square values for distance 


MEN WOMEN 
Number Number 
of All Univariate of ALL Univariate 
Age cases three W 5 @ cases three W 8 c 
38-41 2 --- --- --- --- 1 --- --- --- --- 
hooks h 3.0 0.3 0.3 2.9 6 19). O52. Wes 9.6 
46-49 10 B19) 2.3 0.0 1.8 b 12.6 8.2 0.0 3.6 
50-53 1h 4.6 2.0 1.9 Beal 5 3.0 0.6 1.2 @.3 
54-57 16 Dif ALB)" AERO) 5) 19 i225) 6 aale@ 2.4 
58-61 13 -0 4.8 0.5 3.0 09 19.2 2am p19). L Ona 
62-65 8 eG 0.4 0.0 2 12 Doll 0.0 2-0 0.0 
66-69 2 --- --- --- --- 14 3.5 0.7 25) 0.7 
B. Mean Differences between cases and non-cases 
MEN WOMEN 
Number Number 
of of 
Age eases W i} Cc eases W i} C 
38-41 2 --- --- --- 1 --- --- --- 
4yo-ks 4 3.6 5 38.2 6 3.4 26.8 BL (6 
46-49 10 6.5 AL) af 3} h 25.0 Peal Mh 7 
50-53 14 4.8 8.0 15.9 5 =51.9 12.0  silo).© 
54-57 16 So Bats) Taos 19 5c 19.8 16E38 
58-61 13 5 5.0 19.3 22 6.3 BE 0 2.5 
62-65 8 shod 0.3 IS) o5 12 O32" dOr2 0.6 
66-69 2 --- --- --- 14 nosy Sv aleioe 9.7 
C. Number of cases by level of risk 
MEN WOMEN 
Total Level of risk Total Level of risk 
at Decile Quintile at Decile Quintile 
Age risk Cases High Low High Low risk Cases High Low High Low 
38-41 ©9715 2 ---  --- --- --- 863 it ---  --- --- 0 --- 
4o-45 = 876 4 if @) 2 ) 1115 6 2 0 3 0 
46-49 8h2 10 I 0 2 O 1018 \ 3 0) 3 © 
50-53 7153 14 4 0) if 2 922 5 il fo) 3 0) 
54-57 670 16 3 iL 6 3 B41 19 5 @ He 0 
58-61 563 ES y) i 5 iL 135 22 6 ib 12 3 
62-65 354 8 2 O 3 1 480 12 3 af 4 2 
66-69 160 2 w-- 0 --- w-- 0 --- 236 14. 2 0 6 0 
TOTAL 16 2 25 i / 22 2 38 5 


W = Framingham relative weight; S = systolic blood pressure; C = serum cholesterol 


* Significant at 5% level. 

** Significant at 1% level. For the univariate .2's "significant" refers not to 
the values given but to the discriminant weights (See tables 23-1 et. seq.) 
for "all three" it refers to the significance (at 3 d.f.) of the x2 given for 
generalized distance. 


NOTE: Data omitted for age groups with less than 4 cases. 


Table 23-F 23-22 


Discriminant analysis for Framingham relative weight, systolic blood pressure 
and serum cholesterol based on 4-year follow-up from Exams 2, 4 or 6 
Framingham Study: Sudden CHD Death 


A. Chi-square values for distance 


MEN WOMEN 
Number Number 
OFe Any Aula Univariate of All Univariate 
Age cases three W Ss C cases three W s C 
38-41 2 === === === --- fe) --- --- --- --- 
HOCUS Be iyene Es Meee 0 6.0 Smal 0 ae Oe eee 
L6-49 1 ee ap aia cee fe) wee nie eee ea 
20=53 5 10.2% 0.8 0.2 9.9% 2 =n Soc Sec He 
54-57 10 418.2%" 12.5%% 9.2% 0.8 0 ae oe use One 
DO-O. 7 al. Se Sn M7 een OES 2 === ss een) coc 
62-65 3 a ave fae oan 3 sae wae wih: cei 
66-69 @) sia ee aes pay 2 sas ss pie ae 
B. Mean Differences between cases and non-cases 
MEN WOMEN 
Number Number 
of of 
Age = cases W 8 c cases W 8 c 
BO-l1) eae oes ae cee 0 ei a B3 
HONS | 2 an Sous ae 0 i fe pe 
W6ako, 41 i — ee eee 0 os att ie 
50-53 4.5 5.0 3.9) 55.3 2 --- --- --- 
54-57 10 3 PERS EN KENALOG S) @) --- --- --- 
58-61 T Safa Ween Si 2256) 2 --- --- --- 
62265 3 BEE hee cee 3 BE ee 
66-69 ) --- --- --- 2 --- --- --- 
C. Number of cases by level of risk 
MEN WOMEN 
Total Level of risk Total Level of risk 
at Decile Quintile at Decile Quintile 
Age risk Cases High Low High Low risk Cases High Low High Low 
fey ale Mitral 2 hh ee Soc Ee 863 ) Bes a5 === =a 
yo 45 876 2 ]e-- --- em- === 1115 O we-  o-- w-- 0 --- 
elon) Shere) in ee ME et OS, ao +. i... 
20-53 18) >) al e) 5} ab 922 2 I I Sa mm 
54-57 670 10 6 0 8 0 841 ) --- --- w-- 0 --- 
58-61 563 7 2) 30 Bh) 0 30) ae wee ee we see 
6o'65 a5 a3 soe ee ea ON eG ae a Le | 
66-69 160 @) ie ue a 236 2 eo se ea 
TOTAL 9 0) 16 aL Stas ay pt paper re =, 


W = Framingham relative weight; S = systolic blood pressure; C = serum cholesterol 


* Significant at 5% level. 

** Significant at 1% level. For the univariate x*'s "significant" refers not to 
the values given but to the discriminant weights (See tables 23-1 et. seq.) 
for "all three" it refers to the significance (at 3 d.f.) of the y? given for 
generalized distance. 


NOTE: Data omitted for age groups with less than 4 cases. 


Table 23-G 23-23 
Discriminant analysis for Framingham relative weight, systolic blood pressure 
and serum cholesterol based on 4-year follow-up from Exams 2, 4 or 6 
Framingham Study: Non-Sudden CHD Death 
A. Chi-square values for distance 
MEN WOMEN 
Number Number 
of All Univariate of All Univariate 
Age cases three W Ss C cases three W Ss Cc 
38-41 il --- --- --- --- ©) --- --- --- --- 
4onk5 @) ao a = = 4 ae a5 = =e 
46-9 1 ae Lee See bee 1 ae ast eee Bm a! 
20-53 y Bas 0.0 ZO Orel O --- --- --- --- 
54-57 5 13.2** eS ess h.. O* a === S55 === = 
Romana Loe N32 ° 7.9%) (1.3 3 --- e-- ee wee 
62-65 5 DP Ones OG we. 3 iL os Be vee toa 
cE LL te a ge anh ae ae, Oa aaa 
B. Mean Differences between cases and non-cases 
MEN WOMEN 
Number Number 
of of 
Age cases W Ss Cc cases W s Cc 
38-41 i === === soe 6) as —— ae 
ho-k5 @) Ses se Fas 1- us eee Lei 
W6-4l9 --- --- --- il --- --- --- 
50-53 OAS WG een erg 0 aos = = 
54-57 5 Ale) aA /e ie ean il — a === 
58-61 I 9.5 26.5 i/o 8 3 ee aEe eae 
62-65 5 2) S36 0 Ook iL =-- --- --- 
66-69 3 oe a aoe 2) oee soe a 
C. WNumber of cases by level of risk 
MEN WOMEN 
Total Level of risk Total evel jon misik 
at Decile Quintile at Decile Quintile 
Age risk Cases High Low High Low risk Cases High Low High Low 
eis eta oot Loo 2 B63) od Hee bet, ole ae 
We-k5 876 0 ee a LM eta ae) oI BO ee irae 
46-49 8he if! See eae Ses coc. ~ Toile aL Seen eee --- --- 
50-53 .753 4 1 0 2 i 922 0 ose S56 == oe 
54-57 670 5 3 0 6 Sh al Ae ae 
58-61 563 7 2B 0 A © 735 3 ne) eee eee 
62-65 354 5 1 ee) 2 fo) LB Ouewo eid eS a Soni Se 
66-69 160 3 ee e-em ae ceo ead, one Sa 
TOTAL 1 O 10 if --- --- --- --- 


W = Framingham relative weight; S = systolic blood pressure; C.= 


* Significant at 5% level. 

** Significant at 1% level. 
the values given but to the discriminant weights (See tables 23-1 et. seq.) 
for "all three" it refers to the significance (at 3 d.f.) of the y? given for 
generalized distance. 


Data omitted for age groups with less than 4 cases. 


NOTE: 


For the univariate 


serum cholesterol 


“'s "significant" refers not to 
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Eramingham Study : 23-30 
6,7. Cerebrovascular Accidents 

Cerebrovascular accidents--and more specifically, brain infarctions -- 
are relatively well discriminated by the triad of FRW, systolic blood 
pressure and serum cholesterol--better, say, than MI and as well as CHD 
death. Almost all the discrimination for brain infarction comes from 
systolic blood pressure. 

For brain infarction there is little information for age groups under 
50. Had there been more, it is reasonable to assume from other analyses 
that serum cholesterol would have added significantly to the discrimina- 
tion at these younger ages. 


(Table 23-H and 23-I, Figures 23-12 through 23-17) 


Table 23-H 23-31 


Discriminant analysis for Framingham relative weight, systolic blood pressure 
and serum cholesterol based on 4-year follow-up from Exams 2, 4 or 6 
Framingham Study: Cerebrovascular Accident 


A. Chi-square values for distance 


MEN WOMEN 
Number Number 
of All Univariate of All Univariate 
Age cases three W Ss Cc cases three W Ss Cc 
38-41 O --- --- --- --- 1 --- --- --- --- 
4ye-h5 iL --- --- --- --- 2 --- --- --- --- 
46-9 8 Syeaile Ont nse | OaS k 6.6 0.5 4.8 255 
50-53 13 12. 7#* oS dbo Wee: Ooal. 5 2.9 0.2 0.0 BAS) 
5-57 if 15.8%* OsO0, AU Ee Ose 8 19.1** O,©* .1d5csexe 1,9 
58-61 8 6.5 0.0 SS dhol alle (2 io® LS he 
62-65 9 13.7%* 0.6 g.2k* 6x 14 17.8%* QO) yw My Bam Oo2 
66-69 5 38) One 0.3 3.2 10 8.3% i DO Doi 
B. Mean Differences between cases and non-cases 
MEN WOMEN 
Number Number 
of of 
Age cases W Ss Cc eases W Ss Cc 
38-41 O --- --- --- iL --- --- --- 
els all --- --- --- 2 --- --- --- 
46-9 8 bets 14.3 166 TF 6.0 Bil, SAL 36.6 
20-935. 13 4.0 20.3 = lt 5 3.6 =O. 30.8 
5457 7 -1.0 32.0) -7.0 8 -0.9 36.2 22.8 
58-61 8 -0.1 20.6 io aL 6.0 Wiosl 2Oa/k 
62-65 9 3.6 P5) Al 30.0 14 65% 28.4 -5.0 
66-69 5 3.8 aS cactibats) 10 =6 01 1256) G23): 
C. Number of cases by level of risk 
MEN WOMEN 
Total Level of risk Total Level of risk 
at Decile Quintile at Decile Quintile 
Age risk Cases High Low High Low risk Cases High Low High Low 
250 eo SEN ee) Meee, nome | mage wi Oe) 2” OD de 
he -45 899 aL ---  --- ---  --- amine) 2 --- --- --- --- 
h6-49 872 8 3 ©) y 2 1025 Tf 2 0 3 il 
50-53 786 ig) y 0) 5 O Oka 5 2 0) 3 a 
54-57 = 74 7 3 @ 5 @ 864, 8 y 0 6 O 
58-61 620 8 2 0) 3 6) (ee a 3 ) 6 a 
62-65 18 9 6 0 6 0 Bye) 5 0 8 @) 
66-69 196 5 3 O 3) aL PAL AMO) 2 O 5 O 
TOTAL au O 26 3 18 O Stil 3 


W = Framingham relative weight; S = systolic blood pressure; C = serum cholesterol 


* Significant at 5% level. 

** Significant at 1% level. For the univariate x°'s "significant" refers not to 
the values given but to the discriminant weights (See tables 23-1 et. seq.) 
for "all three" it refers to the significance (at 3 d.f.) of the y® given for 
generalized distance. 


NOTE: Data omitted for age groups with less than 4 cases. 


Table 23-L 
Discriminant analysis for Framingham relative weight, systolic blood pressure 
and serum cholesterol based on 4-year follow-up from Exams 2, 4 or 6 
Framingham Study: Brain Infarction 
A. Chi-square values for distance 
MEN WOMEN 
Number Number 
of AlL Univariate of All Univariate 
Age cases three W Ss Cc cases three W iS) Cc 
38-41 O --- --- --- --- O --- --- --- --- 
eyes en Ee gait LTD) aL — eee) ee 
6 = Nola es yy iene ae ae 2 —- a 
50-53 8 17. 4** Bw appl 5 Green 8On de 5 2.9 0.2 0.0 25 
54-57 5 25 nO 22 0.0 a6 17. 4x OAM e Sexe « Musk 
58-61 af 5.5 0.0 HSS ae eal 8 8.7% ihe2 Gas hae) 
62-65 6 14, Ox* OKO Mesal sca” Oss) 9 14. yx 2,9, 12 Oxon 
66-69 ) Bs eee woe oak 6 10.2% 0.4 6.8 0.8 
B. Mean Differences between cases and non-cases 
MEN WOMEN 
Number Number 
of of 
Age cases W iS} Cc cases W Ss Cc 
38-41 O --- --- --- O --- --- --- 
os alk --- --- --- al --- --- --- 
W6=19 143 ee wait ae 2 wie aed Bee 
50-53 8 8.0 29.8 “4.5 5 3.6 -0.7 30.8 
Sys” 5 -0.6 TUSy sae wen a Bg 35.8 3556 
58-61 7 0.5 20.0 TOL 8 Hemil 2376) ieee 
62-65 6 OFS Bon0 12.6 9 OO 30.3 8.3 
66-69 2 --- --- --- 6 -14..6 29 (97 = sles 
C. Number of cases by level of risk 
MEN WOMEN 
Total Level of risk Total Level of risk 
at Decile Quintile at Decile Quintile 
Age risk Cases High Low High Low risk Cases High Low High Low 
38-41 728 O ---  --- --- =--- 864 O --- --- --- --- 
4o-h5 900 Al --- --- --- --- 1119 al ---  --- --- --- 
46-49 872 3 Bee ee ee ae e | um O2 OH ne Bho) ce eS | owe 
20-531 (08 8 3 0 iF O O46 5 2 0 3 al 
54-57 719 5 a) 0 3 ) B66. 2% He © 6 6) 
58-61 623 i 2 0 2 ©) TO 8 3 O D ite 
62-65 419 6 3 ) 4 fe) 520 9 y 0 "¢ ©) 
66-69 196 2 See ee eed ash 253 GE Shao Tet) © 
TOTAL 9 O 13 0) 16 O 25 2 
W = Framingham relative weight; S = systolic blood pressure; C = serum cholesterol 
* Significant at 5% level. 
x* 


Significant at 1% level. 


For the univariate y*'s "Significant" refers not to 


the values given but to the discriminant weights (See tables 23-1 epsecdey) 
for "all three" it refers to the significance (Ge sidiece) forthe x given for 


generalized distance. 


NOTE: Data omitted for age 


groups with less than 4 cases. 
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Framingham Study aS F-15/9) 
8. Intermittent Claudication 

Information available for analyzing intermittent claudication is 
relatively small, but what there is suggests that these 3 variables are 
not very useful for predicting the onset of this disease. There is a 
distinct suggestion that systolic blood pressure is related to the devel- 


Opment of intermittent claudication, but this is generally not statis- 


tically significant for specific age groups. 


(Table 23-7) 


Table 23-J 


Discriminant analysis For Framingham relative weight, systolic blood pressure 
and serum cholesterol based on 4-year follow-up from Exams 2, 4 or 6 
Framingham Study: Intermittent Claudication 


23-0 


A. Chi-square values for distance 
MEN WOMEN 
Number Number 
of ALL Univariate of ALL Univariate 
Age cases three W Ss Cc cases three W s C 
38-41 2 a ——— ee asa 2 --- --- === === 
hO-U5 5 10.3 Ona: Bi, 2 i ay O a wie sai ae 
46-9 8 6.0 0.5 3.4 1.5 3 ie ane age aN 
50-53 2 --- --~- oe a 2 mos ane aes Bie 
Bu Oy weamacil 3.8 0.0 2.9 Omir 5 Saal ea 0.0 B65 
5O-0ll i) aig 12.9%* Fie Opry eat ila{0) "e 43} ibs © 0.6 0.0 
62-65 10 3.8 0.0 3.5 Oc Me alee uli?  1L,9 0.0 
66-69 6 0.9 0.0 0.0 0.8 5 LT Opal, 26 Ls 
B. Mean Differences between cases and non-cases 
MEN WOMEN 
Number Number 
of of 
Age cases W Ss Cc cases W Ss Cc 
38-41 2 ee Sta ae 9 Ey aa pea 
He-ks 5 Lp) PY a 23.6 0 sec — a 
h6-h9 8 Eee alniey an alls 3 =e aoe mie 
50-53 2 wee aoe oe 2 --- Sein =-- 
54-57 = ZOR5 stale) 9.8 5 10.2 28) 38.4 
Siomtol alan lye “6: ee 1OLO 4 0) -8.0 ail ak 
62-65 10 Orn 53 6.3 ala ALfsts) 10.9 Dial 
66-69 6 =O Pri) eae ye 5 aise: 20.5 ghe 
C. Number of cases by level of risk 
MEN WOMEN 
Total Level of risk Total Level of risk 
at Decile Quintile at Decile Quintile 
Age risk Cases High Low High Low risk Cases High Low High Low 
soar Gein 2 S56 Gacy SoS.) 458 863 2 Ape) ace === === 
4e-h5 896 5 2 0 4 O 1114 0) ---  --- ---  --- 
46-49 865 8 AKO 2 Olin nlO220 3 w-- 0 --- ---  --- 
50-53 79 2 ---  --- --- --- 939 2 --- 0 --- --- 0 --- 
54-57 ©6718 aia al ©) 6 fo) 862 5 2 0 2 @) 
eile. WSU 17 5 a, 9 a 765 Tt 2 @) 3 0 
62-65 395 10 4 i 5 2 Sale} AL 4 O 5 ©) 
66-69 181 6 @) ) 3 0 2h9 5 BB 0 a 0 
TOTAL 13 2 29 3 9 0 11 0 


W = Framingham relative weight; S = systolic blood pressure; C = serum cholesterol 


* Significant at 5% level. 


** Significant at 1% level. 


For the univariate ,*'s "significant" refers not to 


the values given but to the discriminant weights (See tables 23-1 et. seq. ) 
for "all three" it refers to the significance (at 3 d.f.) of the y® given for 
generalized distance. 


NOTE: 


Data omitted for age groups with less than 4 cases. 


23-11 
9. Congestive Heart Failure 
The variables FRW, systolic blood pressure and serum cholesterol 
apparently allow the discrimination of congestive heart failure as well 


as any cardiovascular outcome. Information is somewhat scanty from the 


Study, but by and large the effective discriminator appears to be systolic 


blood pressure. 


(Table 23-K, Figures 23-18 through 23-23) 


Table 23-K 23-42 
Discriminant analysis for Framingham relative weight, systolic blood pressure 


and serum cholesterol based on 4-year follow-up from Exams 2, 4 or 6 
Framingham Study: Congestive Heart Failure 


A. Chi-square values for distance 


MEN WOMEN 
Number Number 
of All Univariate of All Univariate 
Age cases three W Ss Cc cases three W Ss C 
38-41 1 --- eee =a --- i: --- --- --- --- 
WOKS i aes oe S55 S50 3 205 ——— aos = 
h6-h9 5 21.2%* WG) el Orr» © TL =e a aos ee 
50258) | 6 dia See 2 Son sOn> 3 --- a 
=O 1 lO 55 Ogu 19 4.0 5 10.7* S62 9.9 0.0 
58-61 8 14. 6** Oxi) 112 3B! | 5078 9 23.4x* Ted | VO mso a6 
62-65 9 6.2 0.0 650%) FORO 9 4.6 ge a, $05) 0.6 
66-69 4 628 nok 0.6 0.3 3 Soc a ao —— 
B. Mean Differences between cases and non-cases 
MEN WOMEN 
Number Number 
of of 
Age cases W Ss Cc cases W s Cc 
38-41 Ll aes ioe pet 1 Se eae es 
ye-s a i ie hess au a 3 ee ae wea 
HOatg) ip fon | 33656) nMige3 al --- --- --- 
DOD) 6 OS, 26a) iy Saalaale 3 --- --- --- 
54-57 10 1.5 OA: eS 5 my a 36.5 0.9 
58-61 8 Le Bum yeti 9 16.5 3729) oleae 
62-65 9 0.4 20.8 288 9 6.3 16.2 mL, 3 
66-69 mn 15.4 290%) FM'S 3 ee Lite aoe 
C. Number of cases by level of risk 
MEN WOMEN 
Total Level of risk Total Level of risk 
at Decile Quintile at Decile Quintile 
Age risk Cases High Low High Low risk Cases High Low High Low 
38-41 = - 726 al UNI ee ey teacen a) AD cea Rt 2 ce ha oa easel nae iit gti 
42-45 899 1 Beh, al Paani gts eS wie oe 
46-49 B71 5 5) KO Bo. kO.  BUOES) ,) a ooo, ees) eee 
DIDS A ASC 6 2 ) 4 ) 943.3 w-- 0 --- ---  --- 
ory an aly 10 4 o) 6 fo) 867 5 5 fo) 5 0 
58-61 6202 8 37111, 50 B10 769 9 Hy KO Sa O 
62-65 hiz 9 Tie ah Gay Ge 1 © CHE 3 40 
66-69 191 h 2410 Dat 253 8 Boe bes ees soe 
TOTAL 20 i 28 3 12 fo) 14 @) 


W = Framingham relative weight; S = systolic blood pressure; C = serum cholesterol 


* Significant at 5% level. 
** Significant at 1% level. For the univariate of Ug "significant" refers not to 
the values given but to the discriminant weights (See tables 23-1 et. seq. ) 


for "all three" it refers to the significance (at 3 d.f.) of the x” given for 
generalized distance. 


" 


NOTE: Data omitted for age groups with less than 4 cases. 
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Eramingham Study 23-h9 
10-13. Death 

It has already been shown that the three measurements provide sta- 
tistically significant discrimination for CHD death in men. This is 
shown again in Table 11 (which is distinguished from Tables 4 and 5 by 
including in the population at risk all persons alive, rather than only 
those free of CHD at entry). These variables appear to have discrimina- 
tory power for other cardiovascular deaths, although the small number of 
such deaths makes it difficult to be certain. The major role is played 
by systolic blood pressure. Excess weight as such does not predict mor- 
tality in men, unlike what is shown by insurance statistics (there is not 
even -a suggestion of this in the Framingham data) nor does it predict 
total mortality in women. 

For non-cardiovascular deaths there is a scattering of age-sex 
groups where there is apparent discrimination on the basis of these 3 var- 
iables. What meaning to attach to this is difficult to say. For example, 
these variables discriminate non-cardiovascular deaths in men 50-53, 54-57 
and 66-69. In the first group the FRW for those who died was about aver- 
age and played no role in discrimination whereas in the two older groups 
the FRW for those who died was below average and played an important part 
in discrimination. Serum cholesterol levels tended to be low in all 3 age 
groups but in only the age group 54-57 did this fact add significantly to 
discrimination. 

These various clues are perhaps intriguing but they are little more 
than clues. Explorations of the data have suggested an association of FRW 


with cancer déaths; this will he iscussed in another context. 


(Table 23-L through 23-6) 


Table 23-L 


23-50 


Discriminant analysis for Framingham relative weight, systolic blood pressure 
and serum cholesterol based on 4-year follow=up from Exams 2, 4 or 6 


Framingham Study: 


Death from All Causes 


A. Chi-square values for distance 
MEN WOMEN 
Number Number 
of All Univariate of All Univariate 
Age cases three W Ss C cases three W s Cc 
38-41 6 12.2% 2.5%*% h.8x* 1.2% h 132 One 0.6 Ont 
4o-k5 9 (eral 0.2 Ge Onne) Oath 8 6.9 3.6 4.6 iets 
46-49 20 5s Onn) Metin eS Tah 2.3 0.8 = “OLA 
D9=95 20 10.8% 0.3 9.0%* 0.7 23 Asal 0.2 Onn 0.8 
54-57 hg 22. 5** Of) 6k ee Vu 21 Teo Of Teor 
58-61 ho 15.6%* 0.5) als. Bek 020 19 5.1 ie(0) O52 » Bas) 
62-65 43 2 Ara kit, 2 Ona 26 eal Orr S0). O50 
66269) 2900) 15) Greet one 19 OLS 19° ~~ A350e% Opa) Goiess  Sy5ee 
B. Mean Differences between cases and non-cases 
MEN WOMEN 
Number Number 
of of 
Age cases W Ss Cc cases W s Cc 
38-41 6 -8.6 14.5 19.5 4 =3.6 6.4 6.7 
He-l5. og One 15.3 4.6 8 11.5 15.0 15.3 
46-49 20 =2.6 5.5 12.8 iLL, 4.9 Bee EO) 
20-53 28 =H gO le 6.6 23 ie 5} -1°8 -8.2 
54-57 hg “16 13.5 EOis en PBI 5) (5 7.8 
58-61 hg TAS le 0.0 19 Ah) 3.2) lO 
62-65 = =43 EOue ho PER 26 0.2) alOms LO 
66-69 21 -6.5 15.5 HS 7 19 1.3. | 1onsmapecone 
C. Number of cases by level of risk 
MEN WOMEN 
Total Level of risk Total Level of risk 
at Decile Quintile at Decile Quintile 
Age risk Cases High Low High Low risk Cases High Low High Low 
38-41 = 728 6 3 0 Mi ) 864. h 2 @) 2 0) 
42-45 900 9 Canaan) Sty ed ye Oe 2) 30) 0 Yt tel 
46-49 873 20 sy ep OW Alle S10) 0 Sa 3) tons ies gl 
90-53 792 28 8 2 14 5 950 23 a 3 8 4 
54-57 728 Te) 14 1 22 4 Crome 6 2 10 3 
58-61 634 ho 8 1 16 4 Ton a9 5 2 8 2 
62-65 26 43 8 5 TM 525 26 6 3 Toons Peale 
66-69 |) 199) 21 TAM NO) Uae 0 260 19 Goes tooth Out al 
TOTAL Soy lo Oy. Bh 32) 2 Eee US) 


W = Framingham relative weight; S = systolic blooa pressure; C = serum cholesterol 


* Significant at 5% level. 

** Significant at 1% level. For the univariate y's "significant" refers not to 
the values given but to the discriminant weights (See tables 23-1 et. seq.) 
for "all three" it refers to the significance (at 3 d.f.) of the x” given for 
generalized distance. 

NOTE: Data omitted for age groups with less than 4 cases. 


a ‘Tabler 23-M - 23-51 
Discriminant analysis for Framingham relative weight, systolic blood pressure 


and serum cholesterol based on 4-year follow-up from Exams 2, 4 or 6 
Framingham Study: CHD Death 


A. Chi-square values for distance 


| MEN WOMEN 
| Number Number 
| of All Univariate of All Univariate 
Age cases three W Sree cases three W 8 c 
38-41 3 “== === === === 0 oo= === == === 
Yeahs 5 eT 0.2 Hee ORS 1 === --- --- — 
L6nkG 8 5 7.9% Ons mis enon 6.4% il --- wee ee nee 
50-53: 15 5.4 OnO er enele 3.0 3 --- --- -=- =-- 
«5445785 15.8** Bi Stat WO ll 2 -=- --- --- “== 
| 58-61 23 11.3* 3.2 9.2%* 0.0 5 12.1*"* DEB Sigdlim sale li 
| 62-65 21 9.9 Tees] Fak aa 8 4.9 0.0 1.6 2.9 
66-69 8 5.0 0.0 WaT One 6 5. 0.0 Moor aks) 
B. Mean Differences between cases and non-cases 
MEN WOMEN 
Number Number 
of of 
Age cases W § Cc cases W § Cc 
38-41 3 ee Si --- ©) --- --- --- 
yeekS = 5 Gia, | aUSye | nicalall) il --- --- --- 
46-9 5 S)0D) 12.9 6.1 aL --- --- --- 
30-53 -*15 -0.4 8.4 20.1 3 --- --- --- 
54-57 = 25 age ad aM 2 ose =o --- 
58-61 23 4.8 16.0 Opal 5 3). BOs s) | eae 
2-65 ~12), -3.4 iO) 13.2 8 =a) Haha) 25.8 
66-69 8 iL © AUC)E 6 5.3 6 =OnG 24.0 is), 3 
C. Number of cases by level of risk 
MEN WOMEN 
Total Level of risk Total Level of risk 
at Decile Quintile at Decile Quintile 
Age risk Cases High Low High Low risk Cases High Low High Low 
38-41 728 3 2 pee ee SPT AMOGL | MAO Se geese ee. Lae 
42-45 900 5 2 438 2) WMaE : rALAaHO: . rset wee eee nee oe 
46-49 873 5 NG BHO Wy mlOZon (BL So ESS Se ese 
ges Ae ~ 335 3) go Demet S5OMIS} eee eee em See 
54-57 728 25 6 ) nla ) 875 2 --- --- w--  --- 
58-61 634 23 5 1 8 2 778 5 2 0 3 0 
62-65 26 21 "i 1 ASL 2 525 8 3 0) 4 aL 
66-69 199 8 2 1 3 1 260 6 2 0 3 ) 
TOTAL 28 3 yd T ¢ fo) 10 1 


W = Framingham relative weight; S = systolic blood pressure; C = serum cholesterol 


* Significant at 5% level. 


*k Significant at 1% level. For the univariate ¥°'s "significant" refers not to 
the values given but to the discriminant weights (See tables 23-1 et. seq. ) 


for "all three" it refers to the significance (at 3 d.f.) of the x° given for 
generalized distance. 


NOTE: Data omitted for age groups with less than 4 cases. 


Tabler 23-N 23-52 


Discriminant analysis for Framingham relative weight, systolic blood pressure 
and serum cholesterol based on 4-year follow-up from Exams 2, 4 or 6 
Framingham Study: Other CV Death 


A. Chi-square values for distance 


MEN WOMEN 
Number Number 
of ALL Univariate of ALL Univariate 
Age eases three W s Cc cases three W s Cc 
38-41 O --- --- --- --- O --- --- --- --- 
MONE aay L Pilaiees Beet ita Nee eu ote oon eee = 
yestow isn a eae ee ei) oe Be ees BO Co hee 
50-53, 43. ee e-- we wee 3a fs --- eto 
54-57 12 30. 9** AT AOE SR OK 6 6.6 Oni BCs Le) 
58-61 5 yeaa 0.0 Ori 0.8 8 2.6 +59) O.2 1.6 
62-65 T 12) Opal 0.8 Oral T 16. 6%* HRGey ID See Ih IRS 
66-69 2 --- --- --- --- 3 --- --- --- --- 
B. Mean Differences between cases and non-cases 
MEN WOMEN 
Number Number 
of of 
Age cases W s Cc cases W Ss Cc 
38-41 -..0 =. se we 0 ay es a 
yaks aL a awe ane 3 = = =o8 
46-49 3 eee oe 3 wee eee 
50-53. 3 --- --- --- 3 --- --- --- 
Sao Mele =3:9 2685)" a2: 6 =6 01) A523 Ee eRee 
58-61 5 Algal 2608 =16e 8 =6r: =e s=eOn6 
62-65 Ti LST -8.6 a5 ali "6 Fal6) 372) Paola 
66-69 2 Bel aoe eka 3 eo n 
C. Number of cases by level of risk 
San EN EI ene NOME el 
—__fotal = -__ evel of risk =s- __otal_ ss ___level of risk _ 
at _Decile | Quintile at _Decile Quintile 
Age risk Cases High Low High Low risk Cases High Low High Low 
38-41 728 0 gas Ben eel | EN BeBe 1 HO Bee ee oe 
42-45 900 i ---  --- --- --- 19g 3 =--  --- --- 0 == 
h6-k9 873 3 --- --- === --- = 1029-3 wee nee wae one 
DO=p3 ge 5) SE eS Sah aS DO 3) Sai i ie So ies 
Seo 6 Teo 12 a 0) 8 0) ae 6 2 @) 3 0) 
58-65 634 5 2 0 3 a TAs) une Th aL 5 1 
62-65 426 rf 2 a 2 al SPS 1 y al 4 1h 
66-69 199 2 a Be oe 260 3 a ANS acs) Soe 
TOTAL ill, alk ALS} 2 10 2 12 2 


W = Framingham relative weight; S = systolic blood pressure; C = serum cholesterol 


* Significant at 5% level. 

** Significant at 1% level. For the univariate ,a's "significant" refers not to 
the values given but to the discriminant ~atigites (See tables 23-1 et. seq.) 
for "all three" it refers to the significance (at 3 d.f.) of the x? given for 
generalized distance. 


NOTE: Data omitted for age groups with less than 4 cases. 


Tabler 23-0 3 fb5)5) 
Discriminant analysis for Framingham relative weight, systolic blood pressure 

and serum cholesterol based on 4-year follow-up from Exams 2, 4 or 6 

Framingham Study: Non-CV Death 


A. Chi-square values for distance 


MEN WOMEN 
Number Number 
of All Univariate of AlL Univariate 
Age cases. three W s Cc easccmeares W s C 
38-413 == ae --- --- 4 1,2 ©32 0.6 Oval 
yo-45 3 = == —-- --- 4 8.7% 3:8 Selle? | O38} 
46-49 12 2.7 LoS 0.9 0.3 iT Bol Ie BT 0.0 
20-93. LO a.Oe% OL Sika) Geil 17 Tk)" eOoal LS 0.3 
54-57 12 Pope) (0.6% 2.6 6.5% 13 628 Tahs6 Sok OO 
58-61 21 Be5 0.8 opr 0.2 6 a) Oso Oni O.2 
62-65 15 5.3 eer OsT, 3.8 iLL oil @sH Osi One 
66-69 11 12.9%* 6.6*%* 2.5 0.8 10 ho552 a5) 5}o5) Dole 
B. Mean Differences between cases and non-cases 
MEN WOMEN 
Number Number 
of of 
Age cases W Ss Cc cases W Ss Cc 
38-41 = 3 --- --- --- 4 EBaG 6.4 6.7 
yo-hs = 3 aus ae a2 \ 16 a7 ye Qe) 9 Salaboa 
46-49 «12 -4..8 =5igal 6.0 6 cisin Ss} oIlS\o7 T8) 
50-53 10 TO 19.5 -18.8 aif =e =6..0 =5.7 
54-57 12 ALO}. caibpbe | meeting 13 Go) mea “D5 
58-61 21 @2),5 8.1 4.0 6 Tse) (Ooi Pete 
62-65 15 Sh) | oils eee) iL -3.5 -6.7 505) 
66-69 11 -11.6 eh =O 10 hod USO  aQn6 
C. Number of cases by level of risk 
na INI ee eevee, (9, 
—_fotal _ J level of risk _ Total W_ level of risk __ 
at _Decile | _Quintile at _Decile | _Quintile 
Age risk Gases High Low High Low risk Cases High Low High Low 
38-41 = 728 3 Eee ee eee BON) 7h 2 O 2 0 
45 900 —3 Bie Te Sa wee re ALO fo 2 0 3 0 
46-49 ©6873 12 nO Br Opul MOL n | it 2 © 2 0 
50-53 792 10 5 al 6 2 ClO) ae 2 0) 4 2 
54-57 728 12 Ga i) al Sip 6 1 if 2 
58-61 634 21 Bank ul ke om ne 1 0 2 0 
62-65 426 15 4 ) 7 fo) 525) ak il O 2 al 
66-69 199 11 me 6) S .6 260 LO mn 0 6 i 
TOTAL he) BO 5 20 i 28 6 


W = Framingham relative weight; S = systolic blood pressure; C = serum cholesterol 


* Significant at 5% level. 

** Significant at 1% level. For the univariate ,2's "significant" refers not to 
the values given but to the discriminant weights (See tables 23-1 et. seq.) 
for "all three" it refers to the significance (at 3 d.f.) of the x2 given for 
generalized distance. 


NOTE: Data omitted for age groups with less than 4 cases. 
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Eramingham Study 23-54 
Summary 

Only a few brief comments have been attempted on these data. The 
dominant feature is the role of systolic blood pressure in all the var- 
ious cardiovascular outcomes. Insofar as the amount of information avail- 
able allows us to say, this role seems to be important for both men and 
women and for the age range under study, although there is some variation 
in this picture depending on the outcome under study. 

Serum cholesterol plays an important role under age 50 in discrimin- 
ating CHD for women and up to age 62 for men. FRW plays an uncertain part 
throughout. 

This set of three variables discriminates best for cardiovascular 
SearaOrDratn anrarctton and for Congestive heart failure. For these 
Outcomes one would generally do nearly as well in discrimination relying 
on systolic blood pressure alone as one can when all 3 measurements are 


used. 
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This section presents a series of discriminant functions for various 
cardiovascular events. The variables used in all of the analyses were 
Framingham relative weight, serum cholesterol and systolic blood pressure. 
(See Section 3 for a description of each of these measurements.) The 
populations for each event were defined as follows. 

For @ person to be included in an analysis he must have been within 
a given age range at a specific exam (2, 4 or 6) and he must have had all 
three of the variables measured at that exam. The population at risk for 
Tables 1-5 were those people who were within the given age range at exam 
2, 4 or 6 and who were free of previous CHD at that particular examina- 
tion. For Tables 6 and 7 the population at risk had to be free of pre- 
vious CVA, for Table 8 they had to be free of previous IC, for Table 9 
free of previous CHF, and for Tables 10-13 they had to be alive at the 
exam in question. | 

If a person developed the specific event (see table headings) during 
the four year period following the above noted age-exam combination, he 
was classified as a case; otherwise he was considered a non-case. For a 
definition of each event see Section 8. 

As an example consider a man who was between the ages of 42 and 45 
at Exam 4 and had all three variables measured at Exam 4, with no pre- 
vious history of CHD. He would be considered at risk at Exam 4 in the 
analyses for Tables 1-5. If he had had any of the five forms of CHD in 
these tables at Exam 3, he would not have been at risk at Exam 4. He 

could, however, have been at risk in the 38-41 age group at Exam 2 if 


| he had had all three variables measured at Exam 2. 


Framingham Study 23-56 


It should be noted that a person could appear in all three of the 
age groups for an event if he never developed the event or if he devel- 
oped it after Exam 6. As an example, if a person was 38 at Exam 2 and 
took Exams 2, 4 and 6 and developed no form of CHD, he would be in the 
38-41 age group at Exam 2, the 42-45 age group at Exam 4 and the 46-49 
age group at 6 (assuming that he had had all three variables measured 
at Exams 2, 4 and 6). 

The calculations were performed as follows. 

The discriminant weights came from the matrix multiplication 
(x'x)7*d; where (x'x) is the sample variance-covariance matrix and d 
is the vector of mean differences. The chi-square for generalized dis- 


tance (with n degrees of freedom) is calculated as 


(= >,4) 
Babes q21 ia 


where S, = discriminant weight of ith variable 


oh = mean difference of ith variable 
n = number of variables 

Bla number of cases 

n = number of non-cases 


lo} 


Individual chi-squares come from the expression: 


where As standard deviation of the ith variable 


NOMOGRAMS OF RISK FROM CHD IN MEN BY 
BLOOD PRESSURE AND SERUM CHOLESTEROL LEVEL. 


Framingham Study 23-57 
Preparation of the Nomograms 


An approach which yields results similar to those of the discrimi- 
nant analysis, but which is less restrictive in its assumption is to fit 


ie daeae co the logistic model defined as 


P (probability of CHD) = alk 
1 + exp s EA z xb, 
where 
x = Systolic blood pressure 
x, = perum cholesterol 
X, = Age 
Xx, = Age - cholesterol interaction 
4;-= 1, if the individual is in the jth group 


O, otherwise 

The population used for the above calculation is described in the 
Statistical Notes section, however, for this analysis a person did not 
have to have a relative weight measurement. 

The coefficients 2, jt ine On) d, (sh Stal sy Touhy ches 
obtained as the end product of an iterative least squares algorithm 
described by S. Walker and D. Duncan (Biometrika [1967] Vol. 54, p.167). 
Each of the _ (j =1.. . 8) is indicative of a different intercept 
for the eight individual age groups. 

Using these results, a set of graphs (Figures 23-25 through 23-35) 


were constructed to depict the increasing risk, for six specific ages, 


for serum cholesterol levels at discrete values of systolic blood 


Framingham Study 23-58 
pressure and for systolic blood pressure levels at discrete values of 
serum cholesterol. (Approximate diastolic equivalents are also 

included on these figures). The average incidence was determined by 
adjusting the observed incidence for the appropriate age group (38-42 


in the instance of the graph for a 40-year old) to the specific age used. 
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Figure 23-24 


4-YEAR INCIDENCE OF CHD ACCORDING TO 
SYSTOLIC BLOOD PRESSURE AT. SPECIFIED LEVELS OF 
SERUM CHOLESTEROL: FRAMINGHAM STUDY 
MEN, 40 YEARS OF AGE 
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Figure 23-25 


4-YEAR INCIDENCE OF CHD ACCORDING TO 
SYSTOLIC BLOOD PRESSURE AT SPECIFIED LEVELS OF 
SERUM CHOLESTEROL: FRAMINGHAM STUDY 
MEN, 45 YEARS OF AGE 
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Figure 23-26 


4-YEAR INCIDENCE OF CHD ACCORDING TO 
SYSTOLIC BLOOD PRESSURE AT SPECIFIED LEVELS OF 
SERUM CHOLESTEROL: FRAMINGHAM STUDY 
MEN, 50 YEARS OF AGE 
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Figure 23-27 
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Figure 23-28 


4-YEAR INCIDENCE OF CHD ACCORDING TO 
SY oROLiC BEOOD PRESSURE AT SPECIFIED: LEVELS OF 
SERUM CHOLESTEROL: FRAMINGHAM STUDY 
MEN, 60 YEARS OF AGE 
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Figure 23-29 
4-YEAR INCIDENCE OF CHD ACCORDING TO 
SYSTOLIC BLOOD PRESSURE AT SPECIFIED LEVELS OF 


SERUM CHOLESTEROL! FRAMINGHAM STUDY 
MEN, 65 YEARS OF AGE 
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Figure 23-30 


4-YEAR INCIDENCE OF CHD ACCORDING TO 
SERUM CHOLESTEROL LEVEL AT SPECIFIED LEVELS 
OF SYSTOLIC BLOOD PRESSURE : FRAMINGHAM STUDY 
MEN, 40 YEARS OF AGE 
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Figure 23-3l 


4-YEAR INCIDENCE OF CHD ACCORDING TO 
SERUM CHOLESTEROL LEVEL AT SPECIFIED LEVELS 
OF SYSTOLIC BLOOD PRESSURE: FRAMINGHAM STUDY 
MEN, 45 YEARS OF AGE 
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Figure 23-32 


4-YEAR INCIDENCE OF CHD ACCORDING TO 
Se nOMecwOLbolENOLe LEVEL AT SPECIFIED LEVEES 
OF SYSTOLIC BLOOD PRESSURE : FRAMINGHAM STUDY 
MEN, 5O YEARS OF AGE 
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Figure 23-33 
4-YEAR INCIDENCE OF CHD ACCORDING TO 
SERUM CHOLESTEROL LEVEL AT SPECIFIED LEVELS 


OF SYSTOLIC BLOOD PRESSURE : FRAMINGHAM STUDY 
MEN, 55 YEARS OF AGE S D 
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Figure 23-34 


4-YEAR INCIDENCE OF CHD ACCORDING TO 
SERUM CHOLESTEROL LEVEL AT SPECIFIED LEVELS 
OF SYSTOLIC BLOOD PRESSURE: FRAMINGHAM STUDY 
MEN, 6OYEARS OF AGE 
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Figure 23-35 
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SERUM CHOLESTEROL LEVEL AT SPECIFIED LEVELS 
OF SYSTOLIC BLOOD PRESSURE : FRAMINGHAM STUDY 


MEN, 65 YEARS OF AGE 
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| Section 23. Discriminant analysis: The discrimination of various 
| cardiovascular events and deaths on the basis of 
Framingham relative weight, systolic blood pressure 
and serum cholesterol in various age-sex groups. 


A. Men 
B. Women 
Events Table Number 
Coronary Heart Disease, Total iL 
Myocardial Infarction, Total 2 
Angina Pectoris, Uncomplicated 3 
CHD Death 
Sudden 4 
Non-Sudden 5 
Cerebrovascular Accidents 
Total 6 
Brain Infarction i 
Intermittent Claudication 8 
Congestive Heart Failure 9 
Death 
All Causes 10 
CHD lL 
CV other than CHD 12 
Non-CV IL3} 
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